We present a new symmetric model of the idiotypic immune network. The model specifies clones of B-lymphocytes and incorporates: (1) influx and decay of cells; (2) symmetric stimulatory and inhibitory idiotypic interactions; (3) an explicit affinity parameter (matrix); (4) external (i.e. nonidiotypic) antigens. Suppression is the dominant interaction, i.e. strong idiotypic interactions are always suppressive. This precludes reciprocal stimulation of large clones and thus infinite proliferation. Idiotypic interactions first evoke proliferation, this enlarges the clones, and may in turn evoke suppression. We investigate the effect ofidiotypic interactions on normal proliferative immune responses to antigens (e.g. viruses).
1. Introduction. The immune system consists of a large number (> 107) of different clones of lymphocytes. The lymphocytes comprising such a clone all share identical antigen receptors. The variable (V) regions of these receptors are generated by random processes such as somatic recombination and somatic mutation (Early et al., 1980; Berek et al., 1985) . The primary repertoire can therefore be visualized as a large (random) array of receptor molecules. Out of the total array of (random) antigen receptors, an antigen "selects" those structures (those paratopes) that provide a mirror image of the antigenic structure (the epitope, Jerne, 1974) . This is clonal selection theory (Burnet, 1959) . Only the clones with a receptor (paratope) that fits to one of the antigen epitopes become activated and proliferate. Following a period of proliferation, the B-cells acquire an effector function: they secrete their antigen receptors as antibody molecules which in turn eliminate the antigen. In the present paper we ignore the important facts that most B-cell responses require help from helper T cells.
Jerne proposed his network hypothesis in 1974. Network theory is an implication of the axiom that the (random) primary repertoire is complete (Jerne, 1984) . Jerne argued that the V-regions of lymphocyte receptors should also be recognized by other receptor molecules (paratopes). The antigenic determinants provided by a receptor molecule are called idiotypes (Jerne, 1974) . The interaction between two receptor molecules (i.e. a paratope seeing an idiotype) is an idiotypic interaction. The set of such interactions defines the immune network. Via their idiotypic anti-idiotypic interactions, different clones should thus be able to interact in either a stimulatory or a suppressive manner. The existence of network interactions, i.e. of idiotypic interactions, has since been proved with numerous experimental data (Jerne, 1984) . Moreover the possibility that the functioning of immune systems is regulated by network interactions seems intriguing. Several authors have suggested that immune networks may acount for: (1) the maintenance of steady states (Jerne, 1974; Cooper et al., 1984) ; (2) the control of proliferation (Jerne, 1974; Cooper et al., 1984) ; (3) the development of immunological memory (i.e. immunity, see Jerne, 1974); (4) low zone tolerance (Jerne, 1974); (5) self-non-self discrimination (Hoffmann, 1975; Jerne, 1984; Holmberg et al., 1986) . Similarly, idiotypic networks have aroused considerable theoretical interest (Richter, 1975; 1978; Hoffmann, 1975; 1979; 1980; 1982; Hiernaux, 1977; Seghers, 1979; Gunther and Hoffmann, 1982, Fey et al., 1984; Fey and Eichmann, 1985; Kaufman et al., 1985; Kaufman and Thomas, 1987; Farmer et al., 1986; De Boer, 1988; Segel and Perelson, 1988; Perelson, 1988) . Jerne (1974) visualized the immune response as the "escape from suppression": in the absence of antigen (i.e. in the virgin state) network interactions are suppressive. According to Jerne (1974) this would guarantee the existence of a stable virgin state; see however De Boer and Hogeweg (in press). Antigens, e.g. viruses, perturb the suppressed state of the network, which results in proliferation and antibody production. For T cells similar "escape from suppression" models were proposed (based on the analyses of limiting dilution curves) (Cooper et al., 1984; Fey et al., 1984; Fey and Eichmann, 1985) .
Hoffmann (1975; 1978; 1980) developed a 2-D model (the "plus-minus" model) of the idiotypic network. This model incorporates the very important assumption that idiotypic interactions are symmetric, i.e. if clone X i recognizes Xj, Xj should also recognize X i. If recognition corresponds to complementary
